Sensing sound in the sea is a strategy for survival that is geologically ancient, going back to the time when fish evolved a lateral-line system for detecting pressure waves, several hundred million years ago. The most ancient of marine mammals, the toothed whales, have lived by their skills as echo hunters for millions of years. Within the last 25 million years, they have perfected their echo system to an astonishing degree, including the growth of ever-larger brains, to process acoustic information.
The science of sound in the sea started with echo sounding for icebergs early in the 20 th century. By the middle of the century, marine geologists were collecting information about the topography of the seafloor at a rapid rate, resulting in a new appreciation for the diversity of major subsea landforms, including enormous mountain chains, vast abyssal plains, and continent-size rolling-hill provinces (Fig. 11.01 ). In the process, they stumbled on the "deep scattering layer," acoustic evidence of daily migrations in a diverse fauna living below the surface waters, a phenomenon of fundamental interest in the biology of the ocean. After the 1950s, interest in biological sounds and their meaning greatly increased, in response both to the need of the Navy to become familiar with the acoustic environment in the sea and to the desire of marine biologists to understand the role of sound transmission in the life histories of a host of organisms, mainly mammals and fishes ( Fig. 11.02) .
Also in the 1950s, geophysicists were using powerful sound sources including dynamite explosions to gather echoes from sediments and rocks deep below the ocean bottom, to ascertain the nature of the oceanic crust that forms the ocean basins. As the exploration for new oil fields went farther offshore, into regions on the shelf and continental slope likely to hold hydrocarbons, this type of surveying became routine, using sudden release of compressed air for a sound source and listening for the echoes from the bottom and below with a towed array of microphones. Since the 1970s, concern has been expressed that this type of noise, or any other type of loud noise, may injure or otherwise harm marine deep-diving mammals. The U.S. Marine Mammal Protection Act (1972) makes it mandatory to consider such concerns. Thus, much research has been done since on the actual and possible impacts of human-generated sound in the sea on marine mammals. Such research has further expanded our understanding of the sound-filled ocean, in the last 30 years or so (1). Lower: Topographic profile and stations reported. Fig. 11 .06. Noisy fishes: a rattail "drummer" (Macrurus) and a "croaker" (Sargo). The sound is made in the nose (nasal sacs), and is emitted through the melon, which acts as an acoustic searchlight. The echo returning from the target is guided to the ear through the lower jaw. Swim-bladders make a strong echo; thus a dolphin can readily distinguish schools of fish from aggregations of squid. The sharp record at the bottom is the echo trace from the seafloor. This deeper record is on a different listening cycle, for which the instrument waits several seconds before recording. A, outgoing pulse; B, scattering organisms near the bottom of the warm-water layer; 1-3, different groups of deep scattering organisms. The depth is roughly 1000 feet for Echo 2. scientist standing watch has marked the times on the record ("Z" stands for "Zulu" or Greenwich time), along with the speed in places (c/s, change speed). The record is burnt onto special paper. Depth of penetration to the strong sub-bottom reflector (SBR) is about 500 m below SF. 
